Ribosomal protein from E. coli separates during gel electrophoresis into a large number of components.'-3 A variety of experiments have been done to determine if the apparent complexity might be misleading and be caused by interactions among a smaller number of components. No evidence has been found in favor of this hypothesis."' 3-7 The most likely conclusion is that the multiple components seen on gel electrophoresis correspond to different protein molecules in the ribosome population.
Ribosomal protein from E. coli separates during gel electrophoresis into a large number of components.'-3 A variety of experiments have been done to determine if the apparent complexity might be misleading and be caused by interactions among a smaller number of components. No evidence has been found in favor of this hypothesis."' 3-7 The most likely conclusion is that the multiple components seen on gel electrophoresis correspond to different protein molecules in the ribosome population.
The possibility remains, however, that the different electrophoretic components are closely related chemically and are only slight modifications or combinations of one or a few primary structures. This view has been favored by success in elucidating the general mechanism of protein synthesis while considering the ribosome a passive structure or template, and by the plausible analogy between ribosome and virus structure. On the other hand, the recent demonstration that specific fractions of ribosomal protein restore in vitro activity to protein depleted particles6-9 and the evidence indicating that peptidyl transferase is an integral part of the 50S ribosome'0'-2 are more consistent with the concept of the ribosome as an enzyme complex composed of functionally specific, chemically distinct proteins.
The experiments presented here were designed to distinguish between these alternatives using two approaches. (1) The number of tryptic peptides of the total protein containing sulfur was examined. The relationship of this number to the total calculated number of sulfur-containing residues should reflect the extent to which common sequences occur. (2) Several pure proteins have been isolated and tryptic fingerprints and amino acid compositions compared. Evidence of both types leads to the conclusion that the ribosomal proteins are chemically heterogeneous.
Materials and Methods.-Early and late log phase E. coli B cells were purchased from General Biochemicals, Chagrin Falls, Ohio. Cell extracts were prepared by homogenization with glass beads"3 or with a Hughes pressure cell. Ribosomes and ribosomal subunits were prepared by standard methods."' 15 Ribosomal proteins were extracted with 66 per cent acetic acid.'6 Protein concentrations were determined by the Folin method.'7 N-terminal groups were found by the dinitrofluorobenzene (DNFB) method. '8 19 Acrylamide gel electrophoresis and radioautography were done as described by Traut.3 S36 MRE-60021 cells were grown as described previously.3 Cysteine was labeled selectively by including 10 ,g/ml of nonradioactive methionine in the medium. The exclusion of S35 from methionine was confirmed by analysis of acid hydrolysates by paper electrophoresis at pH 1.9 followed by radioautography. Carboxymethyl cellulose was obtained from Calbiochem ( Results.-Fingerprints of protein labeled with SI' methionine and cysteine: The number of tryptic peptides in the total ribosomal protein mixture compared to the number of lysine and arginine residues must reflect the presence or absence of common amino acid sequences. In order to restrict the peptides considered to a resolvable number, we turned to selective labeling of ribosomal protein with S35 which is found in all except two of the electrophoretic components3 (Fig. 2 ). There are about 250 sulfur residues per 70S ribosome protein equivalent.'4' 22 Approximately 205 are methionine and 45 cysteine. Fingerprints of tryptic digests of 70S ribosomal protein oxidized with performic acid, reduced and carboxymethylated, and untreated were made. In all three cases, at least 100 spots were resolved. The fingerprint of the tryptic digest of oxidized protein is shown in Figure la . The difference in intensities between the weakest and strongest spots is probably no more than threefold. Since all the S35-labeled material migrates on gel electrophoresis as characteristic ribosomal protein bands,3 it is impossible to attribute weak spots to nonspecific contaminants of the ribosomes. Some of the weak spots could be due to chemical side reactions or to chymotryptic-like activity under the conditions employed for digestion. An additional 20 acidic spots are not shown in Figure la, which brings the total number of spots to around 120. A single protein of molecular weight 25,000 or total ribosomal protein composed of such repeating subunits would yield only six or seven sulfur peptides.
Protein labeled with S35 cysteine: Ribosomal protein was prepared from S35-labeled cells in which only cysteine was radioactive. The distribution of cysteine in the protein bands separated by gel electrophoresis was examined by radioautography. Figures 2a and b show the distribution of cysteine and of cysteine plus methionine compared to the amido black-stained electropherograms of 50S and 30S protein. As previously reported,3 band 505 and probably 507 lack both cysteine and methionine. Bands 4A, 5, 6, 7, lOA, and lOB of the 30S, and 1, 3, 4, 5, 7, 9, 15, 16, and 23 of the 50S ribosome lack cysteine. Bands 5011-14 and 302-4 have a disproportionately high cysteine content. Some ambiguity remains for the weak and overlapping bands 5018-22 and 30,1-14 where it is difficult to decide whether only one or both members of the pair contain cysteine. The distribution of radioactivity remained unchanged when the proteins were incubated with beta mercaptoethanol prior to electrophoresis. The absence of cysteine from many bands, and the nonuniform distribution in the others, further indicates the chemical heterogeneity of ribosomal proteins. The complex electrophoretic pattern cannot arise primarily from aggregation. figure. It is impossible, therefore, that any one of them is a complex or mixture of any of the others. Protein 506, shown to lack methionine and cysteine by radioautography (Fig. 2) 12) , and threonine (303) as N-terminal residues. Thus all the end groups found by Waller and Harrisi9 in total ribosomal protein except glutamic and aspartic acids have been confirmed as end groups of major ribosomal components. End-group yields have been obtained from different proteins corresponding to protein molecular weights of 8, 500 to 40,000. Protein 307 seems to have blocked N-terminal group. Its molecular weight calculated from end-group yield (150,000) is ten times its physical molecular weight (15,000) (Moore and Pearson, unpublished results).
Discussion.-Common amino acid sequences in ribosomal protein would necessarily restrict the number of different sulfur-containing peptides compared to the 
